This review presents some of the most noticeable aspects related with the oocyte cryopreservation procedures, emphasizing their evolution in the bovine, which points towards the critical points determining the reduced survival rates of female gametes to freezing and vitrification. Factors such as the maturation status, the cytoskeleton and membrane sensitivity, the role of the cumulus cells, the impact of the cryoprotectants agents and the protocols utilized and the future of this tool have been extensively reviewed.
Introduction
Since the middle of the last century, in parallel with the development of assisted reproductive technologies, gametes and embryos have been cryopreserved, allowing modifying domestic animal breeding programmes. These technologies have accelerated the progress of genetic improvement, and the worldwide distribution of germplasm (Holt 2008) . Gradually, these technologies have also started to be used in conservation of endangered species . Despite of all these efforts invested, in the case of the oocytes, advances are rather slow, being the main problems the lack of consistency of the results among groups (Liebermann and Tucker 2002) , as well as differences in survival rates after warming between species, development stages that were cryopreserved and embryo and oocyte quality .
After cryopreservation, the oocyte presents compromised developmental competence. Optimal cryopreservation protocols should be adapted to individual species requirements, which present large variations in gamete size, permeability and sensitivity to cryoprotective agents (CPAs). Vitrification reduces oocyte damage by increasing cooling and warming rates, avoiding ice formation. Moreover, the use of minimal volume techniques allows reducing injuries associated to CPA toxicity, leading to increased survival rates after warming .
Although cryopreservation of bovine oocytes is challenging, some of the most encouraging results among domestic species have been obtained in cattle (Dinnye´s et al. 2000; Vieira et al. 2002; Chian et al. 2004) , and offspring have been born from vitrified oocytes after in vitro fertilization (IVF) and culture (Vajta et al. 1998; Papis et al. 2000; Vieira et al. 2002) . Thus, in 1998, Vajta et al. reported a 25% of blastocyst rate on Day 8 following oocyte vitrification using the open pulled straw method.
Why Do We Cryopreserve Oocytes?
Preservation of oocytes would enable a more efficient management of livestock and laboratory animal species.
Cryopreserved oocytes can be stored until the female expresses her genetic merit, and the appropriate mate can be performed. Efficient cryopreservation of oocytes would also facilitate implementation of assisted reproduction procedures in oocytes recovered from females that die accidentally (Ledda et al. 2001; Woods et al. 2004; Checura and Seidel 2007; Pereira and Marques 2008; . On the other hand, in human, the successful preservation and storage of female gametes would allow the advancement of assisted reproductive technology and medicine, limiting ethical problems by avoiding the embryo cryopreservation. Therefore, there is a need of successful cryopreservation procedures for oocytes.
Why bovine oocytes do not resist cryopreservation? Development rates of cryopreserved oocytes are lower than those shown by fresh oocytes (Table 1 ) not only in cows (Vajta et al. 1998; Dinnye´s et al. 2000; Schmidt et al. 2004 ), but also in many other species such as mouse (Rall and Fahy 1985; Lane and Gardner 2001) , pigs (Rojas et al. 2004; Gupta et al. 2007 ), humans (Chung et al. 2000) or horses (Tharasanit et al. 2006) .
Oocytes suffer considerable morphological and functional damage during cryopreservation. The extent of the injury depends on factors that are related with the species, the developmental stage, and the oocyte's ability to fully or partially repair damage and continue normal development (Fuller and Paynter 2004) . Drawbacks in cryopreservation of mammalian oocytes can be summarized as follows (for review, see Dinnyes et al. 2007; Saragusty and Arav 2011): 1 Their complex structure: oocytes are among the largest mammalian cells, with a low surface-tovolume ratio, making them very sensitive to chilling and highly susceptible to intracellular ice formation. 2 The plasma membrane of oocytes at the MII stage has a low permeability coefficient, making the movement of CPAs and water slower. 3 The zona pellucida acts as a barrier to movement of water and CPAs. 4 The freezing ⁄ thawing process induces a premature cortical granule exocytosis, leading to zona pellucida hardening and impairing sperm penetration. 5 Oocytes have high cytoplasmic lipid contents that increase chilling sensitivity. 6 After maturation, the MII oocyte shows chromosomes aligned in the meiotic spindle in a very problematic stage for cryopreservation; temperature and CPA sensitivity of the spindle and microtubules provoke cytoskeleton disorganization, and chromosome and DNA abnormalities.
7 Oocytes are also more susceptible to damaging effects of reactive oxygen species (ROS); thus, cryopreservation results in the generation of ROS that can affect viability and developmental competence.
What Aspects can be Considered for cryopreserving bovine oocytes?
Maturation stage of the oocyte Although many works have been conducted to determine optimal meiotic stage for oocyte cryopreservation, results are still controversial (Magnusson et al. 2008) .
For in vitro processing, oocytes are collected from secondary follicles at the germinal vesicle (GV) stage. During the meiotic transitions, there will be cytoplasmic and perivitelline space changes, alterations in the synthesis and storage of proteins and RNA, reorganization and migration of organelles and cortical granules and morphological changes in cumulus cells (Mermillod et al. 2000) . In an in vitro programme, the success of this process is much more difficult to achieve than nuclear maturation, and the inadequate cytoplasmic maturation may seriously compromise the viability of the oocyte.
Maturation stages ranging from GV (Hochi et al. 1998; Lim et al. 1999; Rojas et al. 2004 ) through MII (Otoi et al. 1995; Hochi et al. 1998 Hochi et al. , 2001 Men et al. 2002 Men et al. , 2003 Diez et al. 2005) have been described as the most favourable phases for vitrification. However, other studies report that the ability of oocytes to survive cryopreservation is not affected by the meiotic stage in which the oocyte was cryopreserved (Le Gal and Massip 1999) . Differences among these studies can be partially explained by the use of different CPAs because of the selective tolerance of oocytes at different meiotic stages (Zeron et al. 1999) .
The main damage in MII vitrified oocytes is the meiotic spindle disorganization followed by microtubule depolymerization (Aman and Parks 1994; Shaw et al. 2000; Men et al. 2002; Rojas et al. 2004; . Vitrification of GV oocytes might overcome this problem because the meiotic spindle is not organized yet. However, permeability to CPAs and water in GV oocytes are lower than that in MII stage (Pedro et al. 1997; Agca et al. 1998) . Moreover, GV oocytes are extremely sensitive to cryopreservation, as a result of damage inflicted at the cytoplasmic membrane level (Allworth and Albertini 1993; Arav et al. 1996; Men et al. 2002) and gap junctions integrity, which disrupts communication between cumulus cells and oocytes (Diez et al. 2005) . Zhou et al. (2010) showed that oocytes vitrified at the GV stage exhibited cleavage and blastocyst rates significantly higher than vitrified MII oocytes. They hypothesized that the increase in volume associated with cumulus cells expansion during maturation can be one of the reasons of the decreased viability of cryopreserved MII oocytes. Also, the higher permeability to water and solutes of MII oocytes compared with GV state (Pedro et al. 1997; Agca et al. 1998) could induce changes of cell volume during CPA addition and dilution, leading to increased intracellular CPA concentrations in MII than in GV oocytes.
Inhibition of meiosis is thought to reproduce the period necessary for the achievement of the cytoplasmic maturation, allowing the oocyte to synthesize and store mRNA and protein. The use of meiotic inhibitors, such as roscovitine or butyrolactone, allowed oocytes to improve developmental competence without reducing blastocyst rates (Mermillod et al. 2000; Diez et al. 2005) , and their effects have been analysed on oocyte survival to vitrification without positive results (Albarracı´n et al. 2005; Diez et al. 2005) . Moreover, high oocyte degeneration rates were shown in vitrified oocytes submitted to a meiotic arrest, independently on the timing of the vitrification step (Diez et al. 2005) .
Cellular membrane
The permeability of the plasma membrane affects cell survival after vitrification Jin et al. 2011) . Cholesterol is present in the plasma membrane, and its level and the ratio cholesterol ⁄ phospholipids of membranes determine the membrane fluidity and the chilling sensitivity (Horvath and Seidel 2006) .
There are two pathways for the movement of water and cryoprotectants across the plasma membrane: simple diffusion through the lipid bilayer, and facilitated diffusion through channels (Jin et al. 2011) . Water and CPAs move slowly across the plasma membrane in mouse oocytes and early cleavage-stage embryos, principally by simple diffusion. However, in morulae, water, ethyleneglycol (EG), glycerol (GLY) or dimethylsulphoxide (DMSO) move quickly, mainly by facilitated diffusion via channels. The permeability of the plasma membrane and ⁄ or other cryobiological properties might also differ between species. In bovine, the permeability of oocytes to water and CPAs is lower than that of morulae and blastocysts (Sze´ll et al. 1989; Ruffing et al. 1993; Agca et al. 1998) . When the movement of water and CPAs depends predominantly on simple diffusion across the plasma membrane, flow rates are reduced and affected by the temperature. Conversely, diffusion via channels implies a higher membrane permeability and higher independence on the temperature. There have been many attempts to change plasma membrane composition during in vitro procedures to improve cryopreservation of embryos and gametes (Arav et al. 2000; Zeron et al. 2002; Seidel 2006 ). The addition of unsaturated fatty acids to ewe oocytes by electrofusion of liposomes to the oolemma decreased the oocyte's sensitivity to chilling . The modification of the lipid phase transition temperature following phosphatidylcholine or dipalmitoylphosphatidylcholine transfer to matured eggs also reduced chilling sensitivity . In other studies, the addition of linoleic acid albumin to culture media improved cryosurvival of enucleated oocytes (Hochi et al. 2000) . Moreover, oocyte cryosurvival and early cleavage rates could be improved by incubation with cholesterol-loaded cyclodextrin before cryopreservation (Horvath and Seidel 2006) . These modifications of lipid membrane composition led to significant improvements in post-thaw oocyte viability and early cleavage, but blastocyst rates still remain lower than those obtained from non-cryopreserved oocytes ).
Cytoskeleton
One of the cellular components often damaged during cryopreservation is the cytoskeleton . Physico-chemical conditions during cryopreservation can produce irreversible loss of spindle microtubules (Vincent et al. 1990; Rho et al. 2002; Mullen et al. 2004; Albarracı´n et al. 2005; Tharasanit et al. 2006) . Rupture of the cytoskeleton may be intrinsic to the changes in shape and shrinkage associated to cryopreservation, leading to irreversibly changes in the structure of the cytoskeleton. Moreover, highly concentrated CPAs may lead to injury of the meiotic spindle (Chen et al. 2000; Mullen et al. 2004) , and although the meiotic spindle may re-polymerize after thawing or warming if temperature recovers, the consequences of cryopreservation on the spindle function remain to be accurately established. At the GV stage, cryopreservation may also induce defective spindle assembly, which may affect chromosome segregation in meiosis I during the in vitro maturation (IVM) of the thawed GV oocytes (Saragusty and Arav 2011) .
Cytoskeleton stabilizing components may improve the cryotolerance of mature and immature oocyte. Thus, cytochalasin B (CB), cytochalasin D (CD) and colchicine were used in culture media prior to cryopreservation. In MII oocytes, CB reduces damage to microtubules and may enhance spindle microtubule stabilization during vitrification (Rho et al. 2002) . In GV oocytes, as no organized meiotic spindle is present, the relaxant effect of CB may preserve the function of gap junctions between oocyte and granulosa cells allowing a better (faster and more uniform) penetration of CPAs (Vieira et al. 2002) . Also, the use of taxol (a microtubule stabilizer) improved post-thawing development of vitrified mouse oocytes (Park et al. 2001 ) and improved the spindle morphology after warming in bovine (Morato´et al. 2008c ).
Cumulus cells
Cumulus cells play a fundamental role during the oocyte maturation. These cells and the oocyte are functionally and physically connected, establishing interactions that are fundamental for the oocyte development competence (Li et al. 2006) . The presence of cumulus cells also minimizes the release of cortical granules, preventing premature zona hardening, thus maintaining the fertilization capacity of the oocyte after cryopreservation (Vincent et al. 1990 ). Thus, successful cryopreservation of immature oocytes would depend on the ability to preserve the viability of the female gamete together with the structural and functional integrity of the cumulusoocyte complex (Modina et al. 2004) .
Different approaches show that the presence of a whole cumulus-oocyte complex improves oocyte survival rates after vitrification warming in GV oocytes. Such a beneficial effect was not observed among MII oocytes (Zhou et al. 2010) , which showed similar developmental rates independently of the presence of cumulus cells. The same authors showed that whole cumulus-enclosed GV oocytes survived vitrification and developed at higher rates than MII cumulus-enclosed oocytes (Zhou et al. 2010) . Authors hypothesized that this disparity could be due to an increased cell volume associated with cumulus expansion during maturation, together with differences in water and solute permeability between MII than GV bovine oocytes (Wang et al. 2010) . In buffalo, the presence of cumulus cells significantly reduced cleavage rates of MII oocytes following vitrification (Gasparrini et al. 2007 ). It should be kept in mind that the exposure to CPAs results in a lose of the cumulus cells connection with the oocyte (Diez et al. 2005) . In contrast, Bogliolo et al. (2007) reported that the presence of cumulus cells did not improve cryosurvival of ovine immature oocytes. Whether cumulus cells are necessary during cryopreservation of immature oocytes is still debated, as species-specific differences may underlie (Fujihira et al. 2005; Ruppert-Lingham et al. 2006 ).
Freezing vs vitrification? Why?
Cryopreservation strategies aim to reduce cell damage by optimizing both CPA concentrations and coolingwarming rates. Consequently, the design of an improved cryopreservation protocol should take into account the whole sequence of events occurring during cryopreservation. Three major methods have been used for oocyte cryopreservation: conventional slow-rate freezing, classical vitrification in straws and ultrarapid vitrification.
Conventional slow freezing consists of the application of controlled cooling rates, which allows cell dehydration by means of extracellular and intracellular fluid exchange. This technique has been used successfully to freeze oocytes of species with low sensitivity to chilling (Shaw and Jones 2003; Agarwal 2009 ) and has been used to freeze human oocytes and embryos. However, poor results have been reported for species more sensitive to chilling (pig, cattle, sheep and horse). Slow freezing commonly follows the next steps (for review see Dinnyes et al. 2007 ): (i) addition of a CPA to the cells-containing solution; (ii) seeding the samples a few degrees above the freezing point of the cell suspension; (iii) cooling the cells to a low temperature for storage; (iv) thawing the cells; and (v) removing the CPA from the cells and rehydration. Several of the above steps produce water flow through the cell membrane, which can lead to shrinkage and swelling events capable of causing damage or cell death. The extent of this shrink ⁄ swell response varies for each cell type depending on its permeability, size and also depending on the CPA used (Shaw and Jones 2003) . During the cooling process, if cells are cooled too rapidly, water does not flow out the cells fast enough to maintain the osmotic equilibrium. The cells become then increasingly supercooled and eventually freeze intracellularly in a phenomenon that is lethal for cells (Shaw and Jones 2003; Dinnyes et al. 2007; Saragusty and Arav 2011) . If cooling is relatively slow, the cells will rapidly lose water, leading to a concentration of intracellular solutes able to neutralize the supercooling effects.
Vitrification cools cells without glass formation, by supercooling the solution and transforming it into a 'vitreous', amorphous state . When dealing with cryopreservation of mammalian embryos, and especially oocytes, vitrification has become a viable and promising alternative to traditional approaches (Kuwayama 2007) . Vitrification avoids the toxic and osmotic injuries of crystallization. Once the specimen is cooled below a temperature called the 'glass transition temperature', crystallization is not possible. However, limited success has been reported on vitrification of bovine cumulus-oocyte complexes, because of the above-explained reasons. The sudden exposure to high concentrations of CPAs is toxic to oocytes; to avoid these deleterious effects, the exposure time of oocytes to cryoprotectants is shortened by a preincubation in one solution that contains a lower concentration of permeating CPAs than the final vitrification solution (Vajta et al. 1998 ). Vitrification considers three main factors (for review, see Shaw and Jones 2003; Saragusty and Arav 2011) : (i) cooling rate, that depends on the use of liquid nitrogen or liquid nitrogen slush, the container, the thermal conductivity and the solution composition; (ii) viscosity of the medium in which the oocytes are suspended: defined by the concentration and behaviour of CPAs and other additives (the higher the concentration of CPAs, the higher the glass transition temperature, thus lowering the chance of ice nucleation and crystallization); different CPAs and other additives have different toxicity, penetration rate, and transition temperature; and (iii) the volume of the vitrification solution: the smaller the volume, the higher the probability of vitrification.
Classical vitrification 'in straw' procedures have been replaced by ultrarapid vitrification techniques that reduce the ratio oocyte ⁄ volume of the CPA solution and increase the cooling ⁄ warming rates. Many techniques have been developed to reduce the volume of the sample (for review see Saragusty and Arav 2011) . Among these new devices, open pulled straws (OPS), cryoloops, microdrops, flexipet-denuding pipettes, electron microscope copper grids, cryotips or cryotops are the most commonly used. The Cryotop method allows obtaining noteworthy viability rates in human (Kuwayama 2007), bovine (Chian et al. 2004) , ovine (Ebrahimi et al. 2011 ) and porcine (Liu et al. 2008) oocytes.
Up to now, limited attention has been given to the rehydration conditions. In fact, rehydration is as important as other steps of the entire procedure, because removal of the intracellular cryoprotectant and reestablishment of the water content causes osmotic stress and re-crystallization (Seki and Mazur 2008) .
Cryoprotectant solution
Permeating or non-permeating CPAs has been widely tested to minimize toxic, osmotic and other injuries during cryopreservation. The major penetrating CPAs used in oocyte cryopreservation are EG, GLY, DMSO, propylene glycol (PrOH) and acetamide (Shaw and Jones 2003) . Ethyleneglycol is usually combined with DMSO for freezing and vitrification of gametes (Paynter 2005) . The shrink ⁄ swell response of murine oocytes was similar in the presence of DMSO and PrOH; EG permeated the cells quickly, and GLY resulted in extreme shrinkage and little permeation of the cryoprotectant (Paynter 2005) . Therefore, GLY is not a suitable cryoprotectant for preservation of mature oocytes. The shrink ⁄ swell response varies with the temperature; the higher the temperature, the less the shrink response of the oocytes and the less the osmotic stress. However, temperature enhances the potential CPA toxicity, and both variables must be balanced to design protocols for exposure to cryoprotectant. The extent of the effect of temperature depends on the type of cryoprotectant, as demonstrated by the differences in permeability of murine oocytes to EG and DMSO at a range of temperatures (Shaw and Jones 2003) .
Ethyleneglycol and DMSO were shown to cause a rise in mouse oocyte intracellular calcium, inducing cortical granule exocytosis and zona hardening (Larman et al. 2006) . When calcium was removed from the vitrification solution, this effect was diminished, making it sperm penetration possible (Larman et al. 2006) . It was also reported a toxic effect of DMSO on bovine oocytes (Arav et al. 1993) , although other researchers reported successful oocyte vitrification with DMSO alone or associated with other cryoprotectants (Vieira et al. 2002) . Thus, Yamada et al. (2007) showed differences among maturation rates of immature oocytes vitrified in the presence of EG + DMSO at different concentrations. The highest maturation rates were obtained after the exposure for 30 s to 25% EG + 25% DMSO before vitrification. Ethyleneglycol was also used by Chian et al. (2004) to vitrify cumulus-free bovine oocytes in combination with PrOH or DMSO. Cleavage rates were similar for both CPA solutions, although EG + PrOH gave higher blastocyst rates than EG + DMSO.
There are few studies about oocyte vitrification using GLY alone. Buffalo oocytes vitrified with 51.1% GLY in the absence of other cryoprotectants yield 23.5% maturation rate after thawing (Wani et al. 2004) .
One approach to reduce the negative impact of the CPAs on oocyte survival is the inclusion of non-toxic cryoprotectants, such as sugars (sucrose, glucose, trehalose, sorbitol or raffinose), in the cryopreservation media. Thus, sucrose is included in many vitrification protocols to counteract the osmotic effect (Vajta et al. 1998 ). An approach that can also reduce the toxic effect or the volume changes exerted by CPAs at high concentrations may be attained by stepwise addition ⁄ removal of CPAs .
Effect solution
The stability of intracellular membranes and the plasmalemma during dehydration is very sensitive to high solute concentration. Because sodium is the most represented solute in freezing mixtures, it has been suggested that replacing this element with the cation choline, which does not diffuse through the plasmalemma, could significantly reduce the detrimental effects of high solute concentration on oocyte viability. On this basis, in a slow-cooling study performed on mouse oocytes, Stachecki et al. (1998) investigated the effects of replacing the sodium with equimolar amounts of choline. The authors found that the rates of survival, fertilization and development were very poor in the presence of high sodium concentration, but were maximal after replacing sodium with choline. An association between choline-based media and high post-thaw survival has been subsequently reported, confirming the above-referred experiment (Stachecki and Willadsen 2000) . However, in bovine oocytes, we did not observe any improvement on frozen ⁄ thawed bovine MII oocytes, that showed a seriously compromised developmental ability with no development beyond the 5-8 cell stage (Diez et al. 2006) .
Metabolism
Impact of oocyte cryopreservation procedures can be evaluated by morphology after warming, and in vitro embryo development after fertilization. These approaches provide limited information regarding the physiology of the oocyte and how CPAs and cooling rates impact cell function (Coticchio et al. 2005 . In mouse oocytes, slow freezing results in a significant decrease in the uptake of pyruvate, and although vitrification was also associated with a decrease in nutrient utilization by the oocyte compared with noncryopreserved controls, the decrease was significantly smaller than that induced by slow freezing, indicating that vitrification produces less stress on the cell (Gardner et al. 2007) .
In bovine in vitro embryo culture, ROS production gradually increases up to the late morula stage, while in expanded blastocysts, ROS levels decrease to values similar to those measured in oocytes (Dalvit et al. 2005) . It has been reported that the addition of high concentrations of cysteamine during IVM reduces the negative effects of the ROS and improves development of embryos derived from both fresh (Dalvit et al. 2005) and cryopreserved bovine oocytes (Kelly et al. 2006) . Several studies on cryo-injury mechanisms in sperm showed that freezing ⁄ cooling alters the activity and stereospecificity of enzymes acting as anti-oxidants, such as catalase, glutathione peroxidase, superoxide dismutase or other scavengers, subsequently reducing their beneficial effects (Baumber et al. 2005; Gadea et al. 2005) , although antioxidant addition to the IVF medium negatively affected this process in bovine (Blondin et al. 1997; Dalvit et al. 1998) , suggesting that certain levels of ROS are necessary during IVF. Clearly, metabolic function of the cryopreserved oocytes remains largely unknown, and there is a need for a more systematic approach that could elucidate events that occur during cryopreservation.
What is the Future?
With the aim of improving oocyte survival rates after cryopreservation, different approaches have been developed pointing to the use of different quality criteria or the modification of several oocyte aspects for selecting the best oocytes.
Oocyte quality Embryo development and subsequent implantation and healthy pregnancy and delivery rates can be affected because of deviations from normal oocyte morphology after warming. Although it is generally accepted that extracytoplasmic abnormalities of the oocyte do not affect embryo quality, Ebner et al. (2008) and Balaban and Urman (2006) reported delayed development of embryos derived from ovoid oocytes with abnormal cleavage pattern. In addition, cytoplasmic abnormalities such as central granulations and vacuoles may indicate genetic, epigenetic or metabolic defects that may increase the rates of morphologically and ⁄ or genetically abnormal embryos (Kahraman et al. 2000) . In this sense, the use the polarized light microscopy (PLM) allows the estimation of the effects of cryopreservation on meiotic spindle, and selecting oocytes bearing higher potential to survive and develop after thawing . Thus, the assessment of the unaltered meiotic spindle after cryopreservation could be used as an indicator of post-thawing viability (De Santis et al. 2007; Magli et al. 2011) . The morphological characteristics of the spindle in oocytes evaluated by PLM before freezing and after thawing were significantly correlated with those assessed by immunofluorescent staining after fixation (Chen et al. 2004; Caaman˜o et al. 2011) . So, PLM could be a valuable tool to assess the freezing ⁄ vitrification process. However, the use of PLM with oocytes from farm animals to improve cryopreservation is not widespread.
High hydrostatic pressure (HHP)
Sublethal hydrostatic pressure stress treatment has been shown to improve survival and development following cryopreservation of oocytes, embryos, semen and embryonic stem cells (for review, see; Pribenszky and Vajta 2011) . The hypothesis suggests that the pressure determines stressful conditions leading to cell production and accumulation of chaperone proteins such as heat shock proteins. These proteins could be beneficial to the cells during cryopreservation, which is also a stress inducing procedure. The level of pressure and its duration depend on the species and the type of gamete or embryonic developmental stage. For example, porcine oocytes optimally withstand pressure of only 20 MPa, whereas mouse blastocysts can survive pressure as high as 90 MPa for 30 min . In porcine in vitro matured oocytes, a treatment of 20 MPa was compared with 40 MPa, showing that 20 MPa was superior to 40 MPa, and both treatments were significantly better than a vitrified control not submitted to HHP (Pribenszky and Vajta 2011) .
Preliminary works have been performed in our laboratory for analysing the effect of a pressure treatment on cryosurvival of bovine oocytes , showing that oocytes treated with 20 MPa survived vitrification at rates comparable with untreated oocytes. Moreover, we did not find differences in the heat shock proteins (70 and 90) levels between treated and untreated oocytes (own data, unpublished).
Intracytoplasmic sperm injection
Although the mechanism of zona pellucida (ZP) hardening of cryopreserved oocytes is unclear, it can be caused by a premature release of cortical granule (Vincent et al. 1990 ) resulting in lower incidence of sperm penetration (Hochi et al. 1998) . These structural changes causing lower fertility could be overcome by intracytoplasmic sperm injection (ICSI). Blastocyst development rates in the ICSI-fresh (16%) and ICSIfrozen-thawed (10%) groups were significantly lower than that of IVF control (19%), but did not differ between frozen-thawed IVF and ICSI groups (Rho et al. 2004 ).
Conclusion
Although cryopreservation of bovine oocytes remains still a challenge, some encouraging results have been obtained. The modification of protocols and their adaptation to different species could provide promising results; however, we should not forget the possibility of improving them by modifying some oocyte traits, to increase its resistance to cryopreservation. More studies are needed to identify the more promising procedures that will be incorporated into the routine oocyte cryopreservation protocols.
